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PREFACE 

This compendium of technical perspectives on Environmental 
Tobacco Smoke (ETS) is intended to be a useful resource document 
for a diverse audience, including: decision-makers such as labor 
and management officials concerned vith workplace exposures, public 
health officials and corporate medical directors who are concerned 
with making health policy recommendations, educators, industrial 
hygienists and safety officers, ETS researchers, indoor air 
pollution investigators, and legislators who are considering 
legislation to restrict smoking in workplaces, restaurants, and 
public access buildings. Although the technical level varies, even 
the more technical treatments do not require a specialist's 
knowledge for understanding. There are eleven chapters in this 
compilation, including health effects of active smoking in adults 
and passive smoking in children and adults, ETS exposure and 
dosimetry, comfort aspects, ventilation and ETS, public beliefs 
about the harm of ETS and attitudes toward controls, and effective 
workplace smoking policies, each of which is aimed at a somewhat 
different audience. Although not all chapters will appeal equally 
to such a varied group, it is hoped that the technical information 
in this document, written by experts in the field, will provide 
information necessary to allow the public, corporations, government 
agencies, and legislators to make well-informed choices regarding 
exposure to ETS. 

This perspective on ETS reflects the viewpoints and expertise 
of authors who were selected based upon their publications and 
recognition as experts on various aspects of ETS. Accordingly, the 
opinions expressed do not necessarily represent the official 
policies of the sponsoring agencies. 

This document is the result of a coordinated effort jointly 
sponsored and produced by the Environmental Protection Agency (EPA) 
(chapters 2,3,4,6,7, and 8}, the National Cancer Institute (NCI) 
(chapters 1,5), the Office on Smoking and Health (Centers for 
Disease Control) (chapter 9), the National Heart, Lung, and Blood 
Institute (chapter 10), and the Office of Disease Prevention and 
Health Promotion (Department of Health and Human Services) (chapter 
11 ). 


The editors acknowledge with gratitude the following distinguished 
scientists, physicians, and others who lent their support to the 
development of this document by contributing critical reviews of 
the various manuscripts, by coordinating manuscript preparation, 
or assisting in other ways. 
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INTRODUCTION 

In 1986, the Surgeon General and the National Research 
Council, the latter under contract' to EPA, examined the health 
effects of the breathing of Environmental Tobacco Smoke (ETS) by 
nonsmokers (also known as involuntary or passive smoking). They 
agreed that passive smoking caused lung cancer in nonsmoking 
adults, caused increased rates of respiratory infections in 
children, caused acute noxious effects in many nonsmokers, and was 
a major contributor to indoor air pollution. Subsequent to the 
publication of these documents, smoking restrictions began to 
proliferate. However, a number of diverse technical questions 
arose concerning public attitudes toward smoking restrictions, 
health and comfort effects, factors affecting exposure, measuring 
environmental concentrations of ETS, effects of ventilation on ETS 
and indoor air quality, nonsmokers' uptake of tobacco combustion 
products, and corporate experience in effective smoking policy, all 
comprise chapters in this compendium. In the interest of providing 
answers to this complex of questions, this technical compendium was 
commissioned. A brief summary of each chapter follows. 

Chapter 1 demonstrates that high dose exposures to tobacco 
smoke, i.e., the effects of smoking on smokers, are very toxic, 
causing cancers, cardiovascular diseases, and respiratory diseases. 
It is graphically illustrated why cigarette smoking is now 
recognized as the Nation's-single largest cause of premature death 
and disability. 

Chapter 2 reviews studies of the concentrations of certain 
ETS constituents observed in homes, offices, and other locations 
by personal exposure monitors. It is concluded that ETS is the 
primary contaminant contributing to respirable particulate air 
pollution, and contributes substantially to other indoor 
contamininants such as benzene, carbon monoxide, and others. Even 
in low doses, tobacco smoke contains a wide variety of toxins, 
including many carcinogens. 

Chapter 3 treats the methods of assessing nonsmoker's exposure 
to environmental tobacco smoke by atmospheric markers, and the 
measurement of these marker substances in indoor air. It is 
concluded that atmospheric monitoring for respirable particles or 
nicotine from ETS is critical for assessing exposures and control 
efforts, and that a number of reliable methods are available for 
such monitoring. 

Chapter 4 provides a detailed treatment of the absorption and 
metabolism of tobacco combustion products by nonsmokers. It shows 
that absorption has been conclusively demonstrated by studies of 
nicotine and its metabolite, cotinine, in the body fuids of 
nonsmokers, and that such biomarkers represent a reliable specific 
method for assaying the level of uptake of ETS. This exemplifies 
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that low dose exposure to tobacco smoke leads to the absorption of 
toxins from the smoke in amounts sufficient to potentially cause 
disease. 

Chapter 5 discusses the evidence that low dose exposure to 
tobacco smoke has been observed to increase the risk of lung cancer 
in nonsmokers, and discusses conclusions of the World Health 
Organization, the National Research Council, and the U.S. Surgeon 
General that ETS exposure increases lung cancer incidence in 
nonsmokers. 

Chapter 6 discusses the evidence that low dose exposure to 
tobacco smoke has been observed to increase the risk of heart 
diseases in nonsmokers, and discusses the epidemiological, 
biochemical, and biological bases for this inference. It is 
concluded that the combined epidemiological and physiological 
evidence suggests that ETS exposure is a cause of heart disease in 
nonsmokers. 

Chapter 7 investigates the assessment of nonsmokers' exposures 
to ETS by mathematical modeling, atmospheric indicators, and 
biomarkers in body fluids. Exposures assessed by these various 
methods produce consistent results. Because of the large source 
strength of tobacco-burning products, exposure to environmental 
tobacco smoke is inadequately controlled by measures short of 
physical separation of smokers and nonsmokers on different 
ventilation systems, making ETS a significant indoor pollutant of 
buildings. 

Chapter 8 explores the effects of ventilation on the 
perception of odor and irritation from ETS in both nonsmokers and 
smokers, and shows that attempts to control the odor and irritation 
of ETS through ventilation and air cleaning have significant 
limitations. 

Chapter 9 shows through national surveys of trends in public 
attitudes, that the general public, including both smokers and 
nonsmokers, believe that tobacco smoke polluted air is harmful and 
a large majority find it irritating. There is widespread support 
for restrictions against smoking, particularly in the workplace. 

Chapter 10 discusses the evidence that smoking both at home 
and in daycare centers harms children and infants from tobacco- 
smoke polluted ’ air. This has direct implications for public 
education of both parents and daycare providers, as well as for 
state policies and regulations affecting facilities which offer 
daycare. 

Chapter 11 points out the common solution to the problem' of 
ETS is source control, and examines features of corporate smoking 
policies in the workplace, with attention to benefits, incentives, 
employee and union involvement, and education. Case histories are 
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discussed involving several major corporations, detailing problems 
encountered and successes. It is concluded that smoke free 
workplaces have been achieved in a variety of settings. If 
thoughtfully implemented, they enjoy widespread support. 
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CHAPTER 1 


EFFECTS 0? SMOKING ON SMOKERS 

Donald Shopland 
Coordinator 

Smoking and Tobacco Control Program 
National Cancer Institute, Bethesda, MD 


Cigarette smoking is the nation's leading cause of premature 
death and disability. In 1985, smoking caused approximately 
390,000 deaths in the United States (Figure 1). By 1991, this 
number had increased to 440,000. In addition, tens of millions of 
people suffer from chronic disabling diseases and conditions caused 
or aggrevated by smoking. Every medical authority and organization 
who has objectively examined the evidence linking smoking to early 
death and disability has reached a similar conclusion. The 
evidence that smoking is a major health threat is staggering: over 
50,000 citations from dozens of cultures are in the scientific 
literature. Smoking causes or is associated with cancers of the 
lung and bronchus, larynx, lip and oral cavity, bladder, pancreas, 
kidney, stomach and cervix, coronary artery disease, 
cerebrovascular disease (stroke), atherosclerotic aortic aneurysm, 
atherosclerotic peripheral vascular disease, chronic bronchitis, 
emphysema, low birth weight babies, and unsuccessful pregnancy. 
This chapter concentrates on the relationship between active 
smoking and three diseases caused by ETS — lung cancer, heart 
disease, and nonmalignant lung disease. While there are 
qualitative differences between the mainstream smoke inhaled by the 
smoker and the ETS nonsmokers inhale, both forms of tobacco smoke 
contain the same carcinogens, irritants, and other toxins. The 
effects of high doses of smoke on smokers thus provide an 
indication of what effects low dose exposures of ETS would be 
expected to have on nonsmokers. This connection is particularly 
important because the diseases active smoking causes exhibit dose- 
response relationships, with higher doses producing greater 
effects. Because no threshold has been demonstrated for the 
carcinogenic and other effects of tobacco smoke on tne body, the 
existence of a dose-response relationship suggests that ETS would 
provide similar, but smaller, dangers than active smoking. 

Cancer 

Most estimates in the scientific literature indicate that 
nearly one—third of all U.S. cancer deaths result from cigarette 
smoking. Of the approximately 136,000 cancer deaths which occurred 
in 1985 because of smoking, 106,000 are of the lung (Figure 1) . 
Lung cancer alone is responsible for fully one-quarter of all 
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cancer mortality; were it not for the increasing number of deaths 
from lung cancer produced by smoking, we would be experiencing a 
substantial decline in the cancer death rate in the United States. 
Approximately 85 to 90 percent of all lung cancer deaths are 
smoking related. The evidence linking smoking and excess cancer 
mortality is so strong that only the tobacco lobby continues to 
claim that no causative role has been established. An examination 
of the association between cigarette smoking and lung cancer 
graphically illustrates smoking's role in the causation of 
neoplastic diseases. 

Tobacco smoke contains at least 43 known or suspected human 
carcinogens (Table 1), several of which are regulated by the 
federal government as environmental toxins. There is no known 
threshold for the carcinogenic effects of these agents. 

A host of epidemiological studies published during the last 
two decades provides an abundance of data which demonstrate that 
exposure to these carcinogens because of smoking leads to an 
increase in cancer deaths. In particular are the major prospective 
studies on smoking and health. These studies, conducted in the 
United States, Canada, England, Japan and Sweden represent some of 
the largest population based studies ever undertaken by medical 
science (Table 2). They involved enrolling healthy men and women 
into a study design and then followed these individual over time. 
Numerous factor about them were recorded including where they 
lived, their occupations, dietary habits, whether they used 
tobacco, access to health care, and many other factors. As a 
group, these eight studies in the United States, the U.S. Veteran's 
Study and the American Cancer Society (ACS) 25-state Study 
contained cohorts of 290,000 and 1 million persons respectively. 
The Veteran's Study continues to this day and this cohort has been 
followed prospectively for 26 years. These studies convincingly 
demonstrate that smoking causes cancer. 


Lung Cancer 

Lung cancer mortality rates are strongly influenced by the 
total dose of cigarette smoke received. If one smokes more 
cigarettes per day, inhales deeply, if they started smoking at an 
early age had has smoked for many years, the risk for lung cancer 
is increased dramatically. 

The most often used measure to gauge lung cancer mortality is 
the number of cigarettes consumed daily. In the ACS 25-state 
study, for example, among males smoking less than 1/2 pack per day 
their lung cancer rate was nearly 5 times greater than that of a 
nonsmoker. With each increase in the number of cigarettes consumed 
daily, a corresponding increase in lung cancer mortality is 
observed (Figure; 2). For those smokers consuming two or more packs 
daily, their lung cancer mortality is about 24 times greater than 
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that of the nonsmoker. At the other extreme, even light smokers, 
who consume only 1-9 cigarettes per day, see a quadrupling of the 
risk of lung cancer. 

An inverse dose-response relationship exists between an early 
age of regular smoking and lung cancer mortality. In the U.S. 
Veterans Study, those smokers who started smoking in their early 
teens had substantially higher lung cancer death rates than those 
who started in their late teens or twenties (Figure 3). Those who 
began smoking before age 15 experienced a 19-fold greater lung 
cancer mortality, compared to a slightly greater than 5-fold excess 
risk for those who initiated their behavior after age 25. 

These results demonstrate that a dose-response relationship 
exists for exposure to the carcinogens in cigarette smoke and the 
risk of death from lung cancer: the greater the lifetime exposure 
to tobacco smoke, the greater the risk. 

Further evidence for the existence of a dose-response 
relationship comes from follow-up of people who stop smoking and 
so remove the exposure from the carcinogenic agents in mainstream 
emoke. When an individual stops smoking, his or her lung cancer 
risk declines relative to the continuing smoker. After about 15 
years off cigarettes the former smoker's lung cancer risk 
approaches that of the life-long nonsmoker. However, it appears 
that some excess risk may be carried throughout life. This 
residual risk is strongly influenced by the individual's total 
lifetime exposure to the agent and the total number of years of 
smoking cessation. 

The presence of a dose-response relationship between smoking 
and lung cancer, combined with the fact that there are significant 
elevations in risk associated with even the lowest levels of 
smoking, demonstrates that there is no threshold for the 
carcinogenic effects of cigarette smoke. This result from active 
smokers is consistent with the observed elevations of lung cancer 
risk among nonsmokers exposed to ETS. 

Coronary Heart Disease 

In contrast to cancer, in which smoking produces the disease 
through the cumulative effects of long term exposure to the 
carcinogens and co-carcinogens in the smoke, smoking effects the 
cardiovascular system immediately as well as over the long term. 

The carbon monoxide in the smoke reduces the oxygen carrying 
capacity of the blood by binding to hemoglobin competitively with 
oxygen. Nicotine is a vasoconstrictor, which increases blood 
pressure and narrows coronary arteries. Smoking causes release of 
catecholamine, which increase blood pressure and heart rate. 
Smoking also increases platelet aggregation and adhesion, which 
contributes to the development of atherosclerosis. All these 
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effects occur immediately upon smoking and resolve relatively 
quickly after stopping smoking. As a result, one year after 
stopping smoking, the excess risk of death from heart disease falls 
by half; the same drop in risk for lung cancer takes 10 years. As 
with cancer, these effects exhibit a dose-response relationship, 
with greater more smoking and smoking in combination with other 
heart disease risk factors, increasing the risk of death from 
coronary heart disease. As with cancer, there is no threshold for 
these effects, so the effects of active smoking on the heart and 
cardiovascular system support the biological plausibility of the 
observed effects of ETS on the heart. 

Coronary heart disease (CHD) continues to be this nation's 
leading cause of death, and for nearly 20 years, medical research 
has shown that smoking is one of the major independent risk factors 
or causes of CHD (along with high blood pressure and high 
cholesterol levels). In the final report of the Pooling Project, 
an interaction between smoking and other risk factors was observed 
(Figure 4). Each independent risk factor contributed about the 
same increased level of risk, however, when two or more factors 
were present, the risk of a major CHD event was increased beyond 
the sum of the independent risk — thus, synergistic effect was 
created when two or more risk factors were present. Overall, 
smokers have a 70% greater CHD death rate, a two- to fourfold 
greater incidence of CHD, and a two- to fourfold greater risk for 
sudden death than nonsmokers. 

Dose-response relationships between cigarette smoking and CHD 
Mortality have been demonstrated for several measures of exposure 
to cigarettes, including the number of cigarettes smoked per day, 
the depth of inhalation, age at which smoking began, and the number 
of years of smoking. Smoking cigarettes with reduced yields of tar 
and nicotine does not reduce CHD risk, prot*bly because these 
cigarettes do not have reduced yields of carbon -onoxide and other 
combustion products which affect the cardiovascular system. 

The independent risk of CHD for smoking is greater at the 
younger age groups although the greatest number of excess CHD 
deaths due to smoking actually occurs in the older age groups 
(Figure 5). Smoking has also been shown to increase the risk for 
other cardiovascular diseases, including peripheral vascular 
disease, cerebrovascular disease (at younger age groups), and 
aortic aneurysms. For women, smoking -can interact with oral 
contraceptives to greatly increase the risk factor for fatal and 
nonfatal myocardial infarction and subarachnoid hemorrhage. 

Smokers exhibit more atherosclerosis, both in the aorta and 
coronary arteries. Cigarette smokers who continue to smoke 
following transluminal coronary angioplasty appear more likely to 
require repeat angioplasty than nonsmokers, suggesting that the 
effects of smoking on atherosclerosis occur quickly. The 
polycyclic aromatic hydrocarbons which result from the combustion 
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of the smoking materials contribute to these effects. The 
increase in platelet adhesion observed in smokers also contributes 
to the development of atherosclerotic plaque. 

Cigarette smoking aggravates the conditions of people with 
CHD. Smokers have a more difficult course following coronary 
artery bypass surgery. Smokers who experience angina pectoris have 
a higher risk of death than nonsmokers, a poorer prognosis 
following non-fatal myocardial infarction, and a greater risk of 
sudden death. Smoking increases the risk of silent ischemia in 
patients with stable angina. 

Many public health estimates place the total number of excess 
cardiovascular disease (including stroke) deaths due to smoking to 
be.greater than those due to cancer (Figure 1). Dp to 30 percent 
of all CHD deaths may be due to cigarette smoking and its 
interaction with other risk factors. 

These effects all exhibit a dose-response relationship with 
no threshold in active smokers, with detectable damage even among 
light smokers. These facts support the biological plausability of 
the evidence linking ETS with heart disease in nonsmokers. 

*Nonmalignant Respiratory Diseases 

In addition to causing lung cancer, smoking causes or 
aggravates several related nonmalignant respiratory diseases, 
including emphysema, asthma, chronic bronchitis, and chronic 
obstructive pulmonary disease (COPD). While the number of 
smoking-induced deaths classified due to chronic obstructive 
pulmonary disease (COPD) is smaller than for cancer or 
cardiovascular disease (Figure 1), COPD afflicts about 12 million 
Americans. Even if not fatal, COPD and related disorders such as 
emphysema severely debilitate the victim and represent a 
substantial number of people who become disabled due to their 
condition, unable to work or even seek employment. 

For many years cigarette smoking has been known to increase 
the risk of developing and dying from COPD. Even the first Surgeon 
General's Report issued in 1964 identified a causative role between 
smoking and chronic bronchitis. As with lung cancer, the risk of 
contracting and dying from COPD is substantially elevated among 
smokers (Figure 6) and this risk increases with an increased dose 
of cigarette smoke received; as with the other smoking-induced 
diseases discussed in this chapter, there is .a positive dose- 
response relationship. Mortality rations for COPD in smokers 
versus nonsmokers are very high, exceeding 30 to 1 for heavy 
smokers (Figure 7). 

Smoking also has a dramatic effect on lung function. The 
normal rate of lung function decline with increasing age is 
accelerated in cigarette smokers (Figure 8). These effects 
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probably reflect damage to the small airways of the lungs as well 
as a thickening and increased reactivity of the airways in response 
to chronic exposure to the irritants in cigarette smoke. The 
volume an individual and exhale in one second of forced expiration 
(FEV,) is a measure of small airway function. Figure 9 shows that 
FEV r falls in a dose-dependent manner as the amount of smoking 
increases. There is no safe level of exposure: there is a 
measurable decrement in pulmonary function even among light 
smokers. 

Stopping smoking partially reverses the nonmalignant effects 
of the respiratory system (Figure 8). When one stops smoking, the 
decline in lung function with age resembles that of a nonsmoker, 
but a permanent decrement in lung function remains, indicating some 
permanent damage. The amount of this permanent deficit depends on 
the duration and intensity of smoking. 

ETS exposure produces similar, but more modest nonmalignant 
pulmonary effects. FEV 1 is reduced in passive smokers among both 
children and adults to levels similar to that observed in light 
smokers. Children of parents who smoke develop more asthma, 
bronchitis and other respiratory problems. The rate of lung 
development in children exposed to ETS is smaller than that of 
unexposed children. These effects of ETS are what one would expect 
based on the effects of active smoking. 

Conclusions 

This chapter has reviewed the effects of active smoking in on 
those cancers, heart disease, and nonmalignant pulmonary diseases 
which have also been identified with passive smoking. In each 
case, cigarette smoking significantly increased the risk of disease 
in smokers in a dose-dependent manner. There is no evidence of a 
threshold level for adverse effects. Because ETS is similar to 
(but more toxic than) mainstream smoke, these effects on the smoker 
help provide evidence for the biological plausibility for the 
epidemiological evidence linking ETS with lung cancer, heart 
disease, and nonmalignant respiratory disorders, after accounting 
for the lower dose the involuntary smoker receives. 

1. There is a dose-response relationship between exposure to 
tobacco smoke and the diseases of smoking. 

2. There are no discemable thresholds of exposure for the diseases 
of smoking. 

3. Adverse health effects observed in smokers provide biological 
plausibility for the occurrence of those diseases in nonsmokers. 
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by number of cigarettes smoked per day, 

British Physicians’ Study . 
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Source: https://www.industrydocuments.ucsf.edu/docs/fzvlOOOO 



Draft - Do not cite or quote 



HEIGHT A0JU2TE0 fEV, AESlOUAl IL1 TEAS) . 

FIGURE 10 • —Percent distribution of predicted values of forced expiratory 
volume in l-sec(FEV i) in subjects with varying pack-years of smok¬ 
ing. 

NOTE: TnaafttMteuiiMm iQ* i» nwiqaantt naf*. 

SOURCE: lunwnc Jt UV771: OadunroaLdVMV 
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TABLE 1 • E xpvct> d Cincsr OsaThs Caused by 
Smoking—Dotted States 1989 


Site 

tilt 

Cancer 

Oeedie 

Expected 

SmdUng 

AnrOutae* 

*mki%y 

bowed 
OuttaOw 
te Smetana 

Men 




Buccal cavity 




and pharynx 

5.775 

92 

5.313 

Larynx 

3.000 

81 

2.430 

Lung 

93.000 

90 

83.700 

Esophagus 

6.900 

78 

$.382 

Bladder 

6.900 

47 

3.243 

Kidney 

6.000 

48 

2.880 

Pancreas 

12.500 

29 

3.625 

Total 



106.573 

Women 




Buccal cavity 




and pharynx 

2.975 

61 

1.754 

Larynx 

700 

87 

609 

Lung 

49.000 

79 

38.710 

Esophagus 

2.500 

75 

1.875 

Bladder 

3.300 

37 

1.221 

Kidney 

4.000 

12 

480 

Pancreas 

12.500 

34 

4.250 

Total 



48.899 

Total man and woman expected to dw 


o t cancer m 1989 


502.000 

Percent attributed to smoking 


.31 

Total excess cancer deaths due to 



smoking expected in 1999 


155.472 


Source: https://www.industrydocuments.ucsf.edu/docs/fzvlOOOO 
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TABLE 2. (SG, 1989? p. 86-87) 


—Tumorigenic agents In tobacco and tobacco smoke 



Processed loltacco 
(per grantl 

Mainstream 

smoke 

(per cigarette) 

Evidence for IARCevaluation 
of carcinogenicity 

COHIptHJIHlt 

In lab animals 

In humans 

Aroma lie amines 





2 Toluidine 


30-200 ng 

Sufficient 

Inadequate 

2 Naphthyfamine 


1-22 ng 

Sufficient 

Sufficient 

4 - Aminohiphcnyl 


2-Sag 

Sufficient 

Sufficient 

Aldehydes 





formaldehyde* 

16-7 4 gag 

70-100 M|* 

Sufficient 

NA 

Ac cl aldehyde* 

1.4-7.4 mg 

II-1.400 mg* 

Sufficient 

NA 

CioriMiahlchydc 

0 2-2 4 pg 

10-20 pg 

NA 

NA 

Mitcelfaneout organic 
compounds 





Rcn/cnc 


12-41 pg 

Sufficient 

Sufficient 

Acrylonitrile 


32-ISpg 

Sufficient 

Limited 

1. l Oimclhylhydraline 

60-147 (if 


Sufficient 

NA 

2N in opr opine 


0.73-1.21 pg 

Sufficient 

NA 

Eihykai hamate 

IIO-37J ng 

20-31 ng 

Sufficient 

NA 

Vinyl chloride 


I-I6ng 

Sufficient 

Sufficient 

Inorganic compounds 





llydrarinc 

14-51 ng 

24-43 ng 

Sufficient 

Inadequate 

Arsenic 

51X3-900 ng 

40-120 ng 

Inadequate 

Sufficient 

Nickel 

2.000 6.000 ng 

0-600 ng 

Sufficient 

Limited 

Chromium 

I.OfXb 2.000ng 

4-70 ng 

Sufficient 

Sufficient 

Cadmium 

1.100- | ? MXIng 

41-62 ng 

Sufficient 

Limited 

Lead 

R-10 gig 


Sufficient 

Inadequate 

Polonium-210 

0 2-1.2 pCi 

003-1 OpCi 

NA 

NA 


NO(l:: Nil. Midau; NA. evaluation hat am been dune by IAKC. 

‘Use lowith ftcpoii «a| the Imlc penile n’ S< •t. iiffc Comm Mire m SmoitNf wd ll< <lih" I IVMtpuMishcJ value* for the 
M leading UK cigarcticifa 1916 1 V mol the mat I cl I of 20-103 |ifAif aiettc Imran. li»nnilil(k)dc 

uni MO I.IVlpgAifaielicI ukm. 9ll»jtf | hu ateiahkli)dr 
M M 'Ml I lltilllM IIHI M*t| Ih't III HI |HIAV * 

6&C96&C20S 


Evidence foe I ARC evaluation 
Mainstream of carcinogenicity 


Compounds 

Processed tobacco 
(per gram) 

smoke 

(per cigarcHc) 

In lab animals 

In humans 

PAll 





BcnrUlanthraccnc 


20-70 ng 

Sufficient 

NA 

Denrot b)0uor aiuhcnc 


4-22 ng 

Sufficient 

NA 

BcniofjiAuoranihcne 


6-21 ng 

Sufficient 

NA 

Benxotli) fluoranthene 


6-12 ng 

Sufficient 

NA 

Bemofalpyrcnc 

01-90 ng 

20-40 ng 

Sufficient 

Probable 

Chrysene 


40-60 ng 

Sufficient 

NA 

Dibem(a.h (anthracene 


4ng 

Sufficient 

NA 

Dibcn<o(a.i)pyrcnc 


1.7-3.2 ng 

Sufficient 

NA 

Dibentofa.Dpyicnc 


Present 

Sufficient 

NA 

tndenof 1.2.3-c.d)pyrene 


4-20 ng 

Sufficient 

NA 

5 * Methylchry sene 


0 6 ng 

Sufficient 

NA 

Aia-arcnit 





Quinoline 


1-2 pg 

NA 

NA 

DihcniUJifacndinc 


0.1 ng 

Sufficient 

NA 

Dibcnxfa j (acridine 


3-10 ng 

Sufficient 

NA 

7lf-Dibcnio(c.f)c*rbatole 


0.7 ng 

Sufficient 

NA 

NNItrosamine* 





N Niirosodimcihyfamine 

NO-215 ng 

01-110 ng 

Sufficient 

NA 

NNilrosocihyl 
me Ihy famine 


3-13 ng 

Sufficient 

NA 

N-Nitfosodicthy lamlne 


ND-25 ng 

Sufficient 

NA 

N Nitrosopynolidinc 

ND-360 ng 

1.5-110 ng 

Sufficient 

NA 

NNiliosodicihanolamine 

ND-6.900 ng 

NC3-36 ng 

Sufficient 

NA 

N'-Niliosonornicotinc 

0.3-119 pg 

0 12-1.7 pg 

Sufficient 

NA 

4(Mcihylnttiosamino)l- 
(3 pyiidyl) Lbutanonc 

® 2-7 pg 

0.08-0.77 pg 

Sufficient 

NA 

N' Niirosoanabatine 

001-1.9 pg 

0.14-4 6pg 

limited 

NA 

I.Mhiir 

Nit i.'Nim. 


Villi* it hi 

1 1 % 


Source: https://www.industrydocuments.ucsf.edu/docs/fzvlOOOO 
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TABLE 3. 


Outline of Eight Major Prospective Studies 


AulhOft 

Doll 

HIM 

Polo 

Plli# 

Hammond 

Oom 

Kahn 

Rogot 

tKiytma 

Bast 

Joal# 

Waikar 

Hammond 

Horn 

Wair 

Dunn 

Undan 

Braslot* 

Cadarlol 

Frlterg 

Hruteo 

Loctch 

Subjects 

BflUtli 

doctors 

ImmIn 

In 

2$ 

8UI## 

US. 

Tout population 
of 

20 hullh 
dUUtcta In 
Japan 

• • 

Canadian 

psnalonsrs 

White mala# 
In 

nlns atalsa 

Callloml# 
mate# In 

various 

occupation# 

probability 
aampta of 

ths 

Owadlth 

population 


40.000 

9,000 

1.000.000 

M2.I/I 

200.000 
< m 

346.000 

143.463 

■3.000 

14,000 

192.000 

99.000 

96.000 

22.700 

Aga ftanga 

30-46* 

3M4 

3S44 

40 

and up 

30-90 

50-98 

33-94 

BSI 

Ym/ ol 
•nroUmtnl 

mi 

D 

1444 

tosr 

ISM 

1936 

1992 

1994 

■9 

Ymii ol 
lollowup 
upoftid 

20-22 

yaara 

gg 

10 

13yMf« 

Iywv4 

4 yaara 

5-9 

yaara 

lOyttra 

Number 

of 

dulhi 

11,144 

pg 

lor.soo 

i 

38.100 

g 

13,000 

g 

4.600 

Porton yaa/s 
ol 

•Nporltoc# 

•00.000 

•.000.000 

3.600.000 

3.000.000 

500.000 

B 

. 490.000 

B 


OSC96ft£0g 
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TABLE 4 • Morality Katina for Mon and Woman 36 Yaors 
•tid Old«r According to Smofcing Statu* at Tim# otf 
Enrollment 



Study 

SO'State Study 


Current 

Smoke- 

former 

Smoker 

Carer* 

Smoker 

former 

Smoke* 

Men 

Lung 

11.39 

4.96 

22.36 

9.36 

Ord 

6.33 

2.73 

27.48 

8.60 

Esooftegu* 

3.62 

1.28 

7.60 

5.63 

Larynx 

10.00 

8.60 

10.48 

5.24 

BUddar 

2.90 

1.75 

2.86 

1.90 

Pancreas 

2.34 

1.30 

2.14 

1.12 

Kidney 

1.84 

1.79 

2.99 

t .95 

- 

Lung 

2.69 

2.59 

11.94 

4.98 

Otai 

1.96 

1.89 

5.59 

2.88 

Eaopnagua 

1.94 

2.15 

10.25 

3.18 

Larynx 

3.81 

3.10 

17.78 

11.88 

Bladder 

2.87 

2.31 

2.58 

1.85 

Pmereee 

1.39 

1.38 

2.33 

1.78 

Kidney 

1.43 

1.47 

1.41 

1.18 

litarue 

1.18 

— 

— 

— 


Data from me Surgeon GawE'i fleoorr. 1989.* 


' : 


Source: https://www.industrydocuments.ucsf.edu/docs/fzvlOOOO 
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CHAPTER 2 

EXPOSURES TO INDOOR PARTICULATE AIR POLLUTANTS 

John McCarthy PhD, Elizabeth Miesner PhD, John Spongier PhD 

Department of Environmental Science and Physiology 
Harvard School of Public Health 
Boston, Massachusetts 02115 


Throughout our lives, we are exposed to gaseous and 
particulate contaminants in the air. For some airborne 
contaminants, our exposure is dominated by their occurrence in 
outdoor air and the time we spend outdoors. However, even for the 
pollutants that have only outdoor sources, the air that ventilates 
our homes, offices, and vehicles originate outdoors. Considering 
chronic exposure or protection from acute episodic outdoor 
■pollution events, the time we spend indoors and the protection 
these indoor environments provide are important considerations. 

In the presence of indoor sources of contaminants such as 
unvented combustion, evaporation of solvents, and dispersion of 
microbiological organisms among others, the time-activity patterns 
of people in their use of these indoor environments become 
important considerations in determining exposures. People can have 
very different exposures to indoor contaminants depending on 
social, demographic and economic differences in the population, as 
well as the physical differences that exist across indoor 
environments. These differences are characterized by the use of 
the structure, its volume air flow and air exchange, the efficiency 
of contaminant removal and, most importantly, the generation rate 
of the source itself. 

Thus, concentrations of air pollutants can and do vary 
depending on location. Outdoor pollutant levels may differ from 
indoor levels. Different indoor locations like homes, schools or 
workplace can also register varying pollutant levels. An 
individual's total exposure to air pollutants therefore depends on 
the time spent in each of these microenvironments and the various 
concentrations of air pollutants. 


Time-Activity Patterns 

The activity patterns of people determine the duration of 
exposure and, at times, the intensity of exposure to airborne 


16 


Source: https://www.industrydocuments.ucsf.edu/docs/fzvlOOOO 


8SC9G&Cg0g 



Draft - Do not cite or quota 


contaminants. The amount of time a person spends in different 
microenvironments is influenced by age, sex, occupation, social 
class, and season. Letz et al. (1984) studied the time-activity 
patterns of 332 residents of Roane County, Tennessee. The results 
of study showed that these individuals spent 75% of their time in 
the home. This figure was higher (84.9%) for housewives, 
unemployed and retired persons. Overall 10.8% of the participants 
time was spent at "work". Full-time employed individuals worked 
between 21-24% of the time. Of the remaining time, 8.5% was spent 
in public places, 9% in travel, and 2.8% in various other 
locations. 

Quakenboss et al. (1982) studied the time allocation for 66 
family members from 19 homes in Portage, WI. Individuals were put 
into one of five general subgroups which are shown in Table l. 
Despite wide variations, each group spent most of the time at home. 
•'For all participants, total time spent indoors was 85%. 

More recently, Quakenboss and his colleagues analyzed time- 
activity data for over 300 individuals in the Portage, WI area. 
Participants were categorized into three groups: workers, 
nonworkers, and students. Activity data was collected from both 
summer and winter seasons and is summarized in Table 2. Again all 
groups spent the largest percentage of their time in the home. 
Time spent outdoors decreased from summer to winter. 

Infants, because they are essentially immobile, spend most of 
their time in the bedroom according to a recent study by Harlos et 
al. (1987). The rest of their time is usually spent in the living 
room, kitchen, or in travel as illustrated in Figure 1. 

i 

Knowing an individual's or a population's activity patterns 
is not sufficient in itself to determine exposure to contaminants. 
Outdoor pollutants do penetrate indoors and can undergo reactions. 
Indoor contaminant concentrations vary according to the source 
rate, air exchange and air flow, and reactions. Characterizing 
sources indoors will not always lead to accurate estimates of 
concentrations or exposures. Therefore, depending on the 
distribution of sources indoors and the degree of mixing, there may 
be considerable differences in pollutant concentrations across 
indoor environments. 

Lebret (1985) examined the respirable suspended particulate 
(RSP) levels in rooms while participants were smoking or within 
one-half hour of smoking. He found significant variation between 
the living room kitchen and bedroom. Ju and Spengler (1981), who 
studied 24-hour average concentrations of respirable particulates, 
also found statistically significant variation between some rooms 
although the absolute differences were relatively small. 

Monitoring 
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There are a number of different instruments available to 
monitor air pollutants. Often the type of instrument used depends 
on the exposure of interest. Immediate exposures are most 
important when studying irritant and acute allergic responses. For 
this type of exposure, instruments which take short-term or 
instantaneous readings are often used: the piezobalance or 
nephelometer are both used to measure particulates, the ecolyzer 
is used to measure carbon monoxide. One advantage to these types 
of instruments is their ability to detect peak pollutant levels. 


For acute effects such as upper or lower respiratory 
infections, the exposures of interest range from hours to days. 
For increased prevalence of even a lifetime.(?) To measure these 
exposures, integrated or time-averaging methods are used. These 
methods include filters which are used to collect particles over 
long time periods. 


EXPOSURE TO AIRBORNE PARTICLES 

jSize Distribution and Composition of Particulates 

The distribution of particulates is essentially trimodal with 
peak diameters at approximately 0.02 m®, 0.5 pm and 10 4 m as shown 
in Figure 2. These size modes reflect the origins of the particles 
and the physical chemical processes affecting them. The ultrafine 
fractions are typically fresh combustion emissions of aiken nuclei 
and condensing vapors. The submicron size (0.1-1 4 m) has been 
called the accumulation mode. Again, incomplete combustion adds 
particles to this size range; however, the oxidation of gases such 
as S0 2 and N0 2 to form sulfates and nitrates are predominantly found 
in this range. 

Particles larger than 1 4 m can be of biological origin—fiber 
fragments, spores, pollens, and bacteria. Bursting bubbles and sea 
spray can generate condensation nuclei. But it is mostly abrasion 
and/or erosion that generate larger particles. 

The fine particle fraction, or <2.5 4 m, is produced by 
combustion or condensation of vapors. At least 75% of the sulfur, 
zinc, bromide and lead are found in this size range (Dzubay and 
Stevens, 1975). Particles <2.5 4 m are very important for health 
reasons since these particles can reach the alveolar regions of the 
lungs. 

Particles greater than 2.5 fim in diameter, or coarse 
particles, are usually formed by mechanical processes like 
grinding, crushing, and abrasion. At least 75% of the silicon, 
calcium and iron, elements commonly found in soil, appear in this 
size fraction (Dzubay and Stevens, 1975). Particles from 2.5-10 
Mm can be inhaled and can become deposited in the tracheobronchial 1 

18 


Source: https://www.industrydocuments.ucsf.edu/docs/fzvlOOOO 


20234963S4 



regions. 

Environmental Tobacco Smoke 


Draft - Do not cite or guote 


Environmental tobacco smoke (ETS) is a mixture of exhaled 
mainstream smoke and sidestream smoke. Sidestream smoke is the 
smoke that is formed by smoldering between puffs of a tobacco 
product and is the major source of ETS. Approximately half the 
tobacco in a cigarette is burned in the sidestream mode. The 
complex mixture that the smoker inhales with each puff of a 
cigarette, cigar, or pipe is called mainstream smoke. The portion 
of mainstream smoke that the smoker exhales and the small amount 
of vapor diffusing through the wrapping of the cigar or cigarette 
add little to ETS. 

ETS consists of fresh and aged sidestream and mainstream 
smoke. The particle sizes which make up ETS vary due to 
coagulation (the process where two or more particles collide and 
combine to form a larger particle), evaporation, and the adhesion 
of particles to surfaces. The size distribution of particles is 
also affected by air dilution, relative humidity and temperature. 

Under controlled conditions, several researchers have measured 
the particle size distribution of sidestream smoke (Keith and 
Derrick, 1960; Porstendorfer and Schraub, 1972; Hiller et al., 
1982; Leaderer et al., 1984; Ingebrethsen and Sears, 1986). Based 
on these studies, the mass median diameter of sidestream smoke can 
be estimated to be between 0.2 /xm end 0.4 pm. The mass median 
diameter is the diameter which divides the mass distribution in 
half, i.e. one half of the mass is contributed by particles larger 
than this diameter and one half by particles smaller. Because much 
of the time the tobacco is burning at substoichiometric conditions, 
particles are -reduced in the accumulation size mode. As ETS ages, 
the processes of coagulation cause particles to grow. This offsets 
mass loss due to evaporation. 

Composition of ETS 

Environmental tobacco smoke is made up of several thousand 
different chemical compounds. These compounds may be in the 
gaseous or solid phase or both. The chemical composition of 
sidestream smoke differs from that of mainstream smoke. Over 2,000 
compounds have been measured in sidestream and mainstream smoke. 
Some of the constituents in the mainstream smoke of nonfilter 
cigarettes are listed in Table 3. Also given are ratios of these 
substances in sidestream smoke compared to mainstream smoke. A 
ratio of greater than 1.0 means the constituent is found in higher 
concentrations in sidestream smoke than mainstream smoke. 
Nicotine, a substantial component of tobacco combustion, is 
produced mainly in the particulate phase. However, as the ETS 
mixture dilutes and ages, the nicotine rapidly shifts to vapor 
phase. Chamber studies by McCarthy (1987) and others have 
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demonstrated that the half-life decay of nicotine is more than 
twice that of the particulate phase. A number of the constituents 
listed are carcinogens or suspected carcinogens according to the 
International Agency for Research on Cancer (IARC). 

Measurement of ETS 

The large number of constituents in ETS make it impossible to 
assess overall exposure based on measurement of each one. Instead 
most researchers have measured one or more compounds and have used 
those to estimate the total exposure to ETS. Changes in ETS 
composition over time and exposure conditions limit the accuracy 
of this method. 

This chapter will discuss in detail only a few of the possible 
measures of ETS: particles, nicotine, cadmium and nitrosamine. 

Most of the data presented will be from studies involving cigarette 
smoke since this is a major source of indoor ETS. Little work has 
been done on pipe or cigar smoke. 

Exposures to Environmental Tobacco Smoke 

** According to the U.S. Department of Commerce (1985) about 30% 
of adults in the U.S. are smokers. 40% of homes nationwide have 
at least one smoker. In a survey of over 10,000 children in six 
U.S. cities, the percentage of children living with one or more 
smoking adults varied from a low of 60% to a high of 75% (Ferris 
et al., 1979). Lebowitz and Burrows (1976) reported 54% of 
children in a study in Tucson had at least one smcker in the home. 

These data indicate that the potential for exposure to ETS in the 
home is greater than that inferred from national statistics. In 
part, this reflects the demographics of smoking where it is adults 
in their child-raising years that are more likely to be smokers 
than the overall average. Surveying a new cohort of elementary- 
age children in six U.S. cities reveals that on average, parental 
smoking has decreased between 10% to 15% over a decade (mid 1970's 
to mid 1980's). 

Smoking between different demographic groups can vary widely 
and this will modify the exposure of nonsmokers to ETS. Overall, 

ETS exposure will depend on the proximity of an individual to the 
source of smoke. Patterns of smoking will be influenced by time, 
location, and type of activity. 


MICROENVIRONMENTAL MEASUREMENTS OF CONCENTRATIONS 

Concentrations of Particles and ETS 

Numerous studies have been conducted using respirable 
suspended particulates (RSP) as markers for ETS. Both continuous 
and integrated measurements methods have been used. Although RSP 
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is not specific for the presence of smokers in the home and other 
indoor locations, the number of cigarettes smoked have shown to 
correlate well with RSP. 

Particulate Concentrations in Homes 

Spengler et al. (1981) measured 24-hour respirable particulate 
levels in 55 homes in six U.S. Cities. The mean monthly 
concentration across cities is presented in Figure 3, with indoor 
particulate levels similar to the outdoor levels. Table 4 shows 
the respirable particulate levels in the homes as a function of the 
number of smokers. The actual amount of smoking in the home was 
not reported. The researchers concluded that the major source of 
indoor particulates in smoking homes was cigarette smoke. Each 
smoker in the home raised the mean respirable particulate level by 
20 nq/m . 

Further analysis of the data by Dockery and Spengler (1981) 
showed that each cigarette smoked in the home increased the mean 
respirable particulate levels by 0.88 Mg/m 3 . In air conditioned 
homes, the respirable particulate levels increased by 2.11 Mg/m 3 
per cigarette per day. This increase was probably caused by 
recirculation of indoor air which reduced the cigarette smoke 
dilution. 

More recently Spengler and colleagues (1986) analyzed PSP data 
from over 200 homes in Watertown, MA. Homes with smokers had RSP 
concentrations of 30 to 35 Mg/m 3 higher than nonsmoking homes-. RSP 
concentration and the number of cigarettes smoked per week were 
highly correlated. Models based on this data predict a 
contribution of 0.77 Mg/m 3 per cigarette per day. This would mean 
a pack of ciaarettes would increase the indoor RSP concentration 
by 15.5 Mg/m. 

Particulate Concentration in Offices 

Using a piezobalance, Weber and Fischer (1980) monitored 44 
workrooms at seven different companies in Switzerland. The 
workrooms had varying levels of smoking. A number of samples were 
taken in each room over a two-day period. After subtracting the 
particulate levels found in an unoccupied room, the mean 
particulate level for the 492 samples taken was 133 Mg/m 3 with a 
standard deviation of 130 Mg/m . The maximum concentration 
measured was 962 Mg/m 3 . 

Quant et al. (1982) used a piezobalance to monitor three 
offices. The offices were divided into cubicles with half-wall 
partitions and contained both smoking and nonsmoking areas. 
Offices were monitored continuously for one work week. Figure 4 
shows the results of continuous monitoring in one of the offices. 

For the three offices, the ten-hour day averages ranged from 
37Mg/m 3 to 89 Mg/m 3 . 
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Miesner et al. (1988) used both continuous and integrated 
methods to monitor in five office buildings in metropolitan Boston. 

Both filters and nephelometer were used to measure in 12 offices, 
one conference room, and a designated smoking room of a large 
nonsmoking office. In offices without smoking, concentrations 
typically ranged from 15 to 10 M9/m 3 . In offices with smoking, 
concentrations were higher, ranging from 20 to 80 nq/m l . In 
designated smoking areas, concentrations were 100 to 500 Mg/m 3 . 
Short-term concentrations measured with the portable MINIRAM 
exceeded 1000 ng/m 3 in one of the designated smoking areas. 

Particulate Concentration in Offices 

Repace and Lowry (1980) measured particulate levels in various 
indoor public facilities both in the absence and presence of 
smoking. For nonsmoking locations such as restaurants, libraries, 
a church, and a bakery, the mean indoor RSP level was less than 60' 

Mg/m 3 . Measurements taken in public facilities in the presence of 
smoking are shown on Table 5. Measurements range from 86Mg/m 3 to 
187 ng/wr for restaurants and cafes that permit smoking. Other 
areas where there are likely to be more smokers per area than in 
restaurants had much higher concentrations of particulate matter, 
•ranging from 200 to 700 MS/® 3 * 

Besides monitoring in offices, Miesner et al. (1988) also took 
continuous and integrated RSP measurements in numerous public 
facilities including a library, museum, school, subway, bars, and 
restaurants. They found that for most public buildings where no 
smoking was present the particulate levels were low usually less 
than 30 ng/w . Levels in transportation facilities such as the 
subway and bus stations were slightly higher with a mean integrated 
measurement of 63 M9/n 3 . Higher concentrations were found in 
smoking areas such as bars, restaurants and a public smoking room 
with a mean integrated measurement of 79 ng/w and a standard 
deviation of 44 ng/w. 

Concentration of Other Components of ETS 

Numerous researchers have looked at other tracers for ETS. 
Because of its high specificity for tobacco smoke and its presence 
in high concentration, nicotine is a promising choice. McCarthy 
et al. (1987) measured indoor nicotine levels in smoking and 
nonsmoking homes. The home nicotine values ranged from an average 
of 0.1 Mg/® 3 in the nonsmoking households to 4.2 Mg/® 3 in the 
smoking households. The presence of low nicotine values in some 
of the nonsmoking households can be accounted for by visitors to 
the home who were smokers. 

A number of studies have used integrated readings to determine 
nicotine levels in offices and public buildings. A selection of 
these studies are presented in Table 6. 
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Cigarettes are also known to be a source of cadmium. Lebret 
et al. (1987) considered cadmium as a useful tracer for ETS. They 
monitored twenty homes and one outdoor site for fine particulates 
in Watertown, MA. Particles were analyzed for elemental 
composition using x-ray fluorescence. At the outdoor site and in 
homes without smokers, cadmium levels were below the detectable 
limit. In homes with smokers, indoor cadmium levels were highly 
correlated with indoor fine particulate measurements. 

Nitrosamines, some of which have been listed as animal 
carcinogens by the IARC, have been studied in public facilities and 
homes (Brunnemann et al., 1978). Using continuous measurements 
they found mean levels of nitrosamines in public facilities which 
ranged from 0.01 to 0,24 ng/L. Both homes monitored had levels of 
less than 0.005 ng/L. 

Wallace et al. (1987) measured the personal exposure and 
breath levels of benzene and other aromatics in 200 smokers and 
322 nonsmokers in New Jersey and California. Benzene is listed as 
a human carcinogen by the IARC (1986). They found a significant 
increase in breath concentration with the number of cigarettes 
smoked. Smokers were found to have up to 10 times the breath 
concentration of benzene compared to nonsmokers. Nonsmokers who 
reported smoke exposure at work showed elevated levels for fall and 
winter but not for spring and summer. The authors concluded that 
cigarettes were the major source of benzene for about 50 million 
U.s. smokers. 

No single constituent of ETS is sufficient to completely 
characterize an individual's exposure to ETS.' Research on ways to 
relate these measurements to specific health effects continues to 
be done. The most prudent course is to measure several of these 
components in exposure studies. Markers specific to the class of 
ETS components, or health outcome of interest, could be utilized 
in epidemiologic studies to enhance precision of the exposure. 

Personal Exposures 

Personal monitoring studies have many of the same problems 
that area monitoring has, such as trying to measure ETS exposure 
based on one or more markers. However, personal exposure 
monitoring has the advantage of including spatial and temporal 
dimensions to the measurements. It is also possible to use time- 
activity diaries to link exposure with location and activity. 

The results of a personal monitoring study by McCarthy et al. 
(1987) show that the exposure of children to RSP was much higher 
than that of children from nonsmoking households. The average 
personal RSP value increased from 29 ng/TS? for children from 
nonsmoking families to 56 fig/w for children from smoking families. 
The average personal nicotine concentration increased from 0.3 
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Mg/m 3 to 2.5/ig/m 3 for children from nonsmoking and smoking families 
respectively. A child's personal nicotine is highly correlated 
with the consumption of cigarettes in the home while the personal 
RSP was not. This implies that although there are multiple sources 
of RSP, the majority of ETS exposure is from the child's home. 

Spengler et al. (1985) had 101 nonsmoking volunteers from 
Kingston/Harriman, Tennessee wear personal respirable suspended 
particulate monitors for 3 days. Nonsmokers were divided in two 
groups: those who lived with a smoker and those who did not. 
Outdoor and indoor particulate levels were taken for comparison. 
Results showed that personal exposure was not correlated with 
outdoor concentrations but that ETS significantly increased an 
individual's personal concentration profile. 

In Spengler and Tosteson (1981), 45 nonsmoking adults were 
monitored for RSP for 18 days. They were also divided into two 
groups: those exposed to ETS and those who were not. Area monitors 
were also placed inside and outside. Personal exposure was higher 
than both indoor and outdoor measurements. On average, the 
individual exposure was increased by 20 Mg/m 3 among those who 
reported exposure to ETS. 

Cotinine i*s a major metabolite of nicotine. McCarthy et al. 

(1987) measured cotinine levels in the urine and saliva of 81 
nonsmoking children. Nicotine levels in the air were also 
monitored as was RSP. They found a high correlation between 
personal nicotine levels and cotinine indicating a quantitative 
relationship may exist. They did however find high variability. 

Coultas et al. (1987) measured cotinine in the saliva of 1360 
nonsmoking children and adults. They found an increase with the 
number of smokers in the home at all ages. However, household 
variability was wide and even 30% of the nonsmokers living in a 
nonsmoking home had detectable cotinine levels. 


Summary 


1. Environmental tobacco smoke is the primary contaminant causing 
elevated RSP levels in enclosed spaces. 

2 . Environmental tobacco smoke can be a substantial contributor 
to the level of indoor air pollution concentration of benzene, 
acrolein, N-nitrosamine, pyrene and carbon monoxide. 

3. Measured exposures to respirable suspended particulates are 
higher for nonsmokers who report exposure to ETS. 
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FIGURE 1. -Time Locetion Patterns for 46 Infants 

Source: Harlos et al. (1987) 
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Schematic of an atmospheric aerosol surface area distribution 
showing the three modes, main source of mass for each mode, the 
princeipal process involved inserting mass into each mode, and the 
principal removal mechanisms. 


Source: Whitby (1978) 
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FIGURE 3. Monthly Mean Mass Respirable Particulate Concentrations (jig/m*) 
Across Six Cities 

Source: Spengler et al. (1981) 


Source: https://www.industrydocuments.ucsf.edu/docs/fzvlOOOO 


66C96f'C202 



Draft - Do not cite or quote 



FIGURE 4. Aerosol Mess Concentration in R & D Office 
Source: Quant et al. (1982) 
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TABLE 1. Mean Percent and Standard Deviation of Tine Allocation In Various 
Locations by Vork or School Classification Subgroup 
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TABLE 2. 

Mean Percent 

Time Spent In 

Various Locations for Three 

population 


Groups 
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TABLE 3. Distribution of Constituents in Mainstream Smoke (MS) and the 
Ratio of Sidestream Smoke (SS) to MS of Nonfilter Cigarettes 
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TABLE 4. 


Respirable Particulate Levels as a Function of Number of Smokers 
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TABLE 5. Particulates Measured under Realistic Conditions 
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CHAPTER 4 


ABSORPTION 07 SMOKE CONSTITUENTS BY NONSMOKERS 

Dietrich Hoffmann PhD/ Klaus D. Brunnemann MSc, 
Nancy J. Haley PhD 

American Health Foundation 
Valhalla, New York 10595 


INTRODUCTION 

Exposure to environmental tobacco smoke (ETS) occurs at the 
worksite, in public places, and in private homes. ETS is a 
composite of effluents generated in various ways during the burning 
of tobacco products. The major source for ETS is sidestream smoke 
(SS) which is formed during smouldering of cigarettes, cigars and 
pipes between the taking of puffs. Minor contributions to ETS are 
made by those pollutants of the mainstream smoke (MS) that are 
exhaled after inhalation of each puff by the active smoker. The 
smoke escaping into the air from the burning cone and from the 
mouthpiece of a tobacco product during and after puff-drawing is 
another minor contributor, in addition there is some diffusion of 
MS gas phase components through the cigarette paper into the 
environment. More information is needed on the relative sources 
of smoke in the complex mixture of ETS generated from different 
cigarettes under varying conditions. 

In the laboratory, MS and SS are generated under standardized 
conditions by machine smoking (1,2). While these conditions enable 
us to compare the yields of individual smoke constituents from 
various brands of cigarettes, cigars and pipe tobacco, they do not 
fully reflect the patterns of smoking by humans (3,4). The 
consumer's intensity of puff-drawing and inhaling of the smoke is 
profoundly influenced by t.ie nicotine content of the MS (4,5), and 
smoking intensity is highest when cigarettes with perforated filter 
tips are being smoked (6). 

The SS release is governed by the velocity of air currents 
around the burning cone; thus, higher air flow generates higher 
yields of most SS components. Even though a major reduction of 
mainstream smoke yields of the sales-weighted average cigarettes 
has occurred during the last three decades, (U.S. cigarettes 
declined from 35.5 mg tar in 1954 to 12 mg tar in 1983; (7)), the 
SS emissions of smoke constituents were not significantly reduced 
(8,9). The data in Table 1 emphasize this with a comparison of 
the yields of a select group of toxic compounds in the MS and SS 
of four types of U.S. cigarettes. These cigarettes were machine- 
smoked under identical conditions. Since the consumer of the low- 
yield filter cigarettes is likely to smoke more intensely, a 
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larger portion of the tobacco column is burned during smoking of 
this type of cigarette than is burned during smoking of nonfilter 
cigarettes. Therefore, a somewhat lower yield of SS is expected 
from the low-yield cigarette smoked by the consumer than is 
obtained by its standardized machine smoking. 

The exposure of nonsmokers to the effluents of burning tobacco 
products usually occurs after considerable dilution of these air 
pollutants. This is well substantiated by analyses of the air in 
enclosed spaces polluted by tobacco smoke (10,11). 

A. Biological Markers in Physiological Fluids 

The exposure of nonsmokers to ETS can be assessed with the 
help of questionnaires, by estimating the dose from the chemical 
analysis of smoke-polluted air, by personal monitoring of ETS 
components and/or by measuring the uptake of individual smoke 
components in physiological fluids of individuals during or after 
exposure. The last and most promising method will be discussed in 
this chapter. 

’•* 

The degree of exposure to ETS depends on several factors, 
including length of time spent in a smoke-polluted area, the number 
of smokers within this area, the size and nature of the space, the 
degree of ventilation and the respiratory rate of the exposed 
individual. Thus, optimal assessment of ETS exposure is achieved 
by analysis of physiological fluids of exposed individuals as well 
as by analysis of the respiratory environment. New biochemical 
methods enable us to quantify exposure to ETS by determining the 
uptake of certain smoke contstituents (or their metabolites) in 
biological fluids. An primary requirement for such biochemical 
measurements is the availability of highly sensitive and specific 
methods. 

1. Nicotine and Cotinine. 

Disregarding accidental or occupational exposure to tobacco 
(12,13), or the use of nicotine-containing chewing gram or nicotine 
aerosol rods as aids for smoking cessation (14), the presence of 
nicotine and of its major metabolites in physiological fluids is 
entirely due to the exposure to tobacco, tobacco smoke, or ETS. Low 
levels of nicotine have been found in other members of the 
solanaceous variety of plants (14A) but could not be expected to 
make an impact on the body burden of nicotine which is obtained 
from tobacco sources. Nicotine and its major metabolite, cotinine, 
in saliva, blood or urine of active smokers and of passively 
exposed nonsmokers are primarily determined by gas chromatography 
(GC) with a nitrogen-sensitive detector, and by radioimmunoassay 
(RIA) (15-17) . An HPLC method which has been developed for 
quantitation of cotinine in plasma or saliva of smokers (18) has 
not been applied to urine analysis even though the analysis of this 
biological fluid appears to have the greatest potential for 
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evaluation of nicotine uptake by nonsmokers. A problem with this 
HPLC method seems to be an unusually high background of cotinine 
in persons reporting no exposure to ETS. The possibile co¬ 
migration of caffeine with cotinine in this system needs to be 
excluded. (18A) A recently published, highly sensitive method for 
determining nicotine in plasma by HPLC with dual electrochemical 
detection (2 ng/ml) has not as yet been applied to physiological 
samples of involuntary smokers (19) . Another emerging analytical 
method for the determination of nicotine or cotinine is the enzyme- 
linked immunosorbent assay (ELISA; 20). 

Trans-3' -hydroxycotinine has been found to be the most 
abundant nicotine metabolite in the urine of active smokers 
(21), however, it is difficult to quantitate. Since the compound 
is not readily soluble it has to be transformed into a heptafluoro 
derivative prior to GC detection (22). The levels of 3'- 
hydroxycotinine in plasma have been found to be much lower than 
those of cotinine in the same smokers although the renal excretion 
of 3'-hydroxycotinine has been reported to be greater (23). 
Despite its abundance in urine of smokers, this compound has not 
yet been applied to the analysis of ETS uptake by nonsmokers. 

The GC and RIA methods are most widely used for assaying 
nicotine and cotinine in active as well as in passive smokers, 
primarily because of their specificity and sensitivity, and because 
the needed instrumentation is available in most modem 
laboratories. Chromatographic methods, especially those using GC 
with nitrogen-phosphorus detectors (detection limit 0.1 ng/ ml 
fluid? 16), or a mass-spectral detection system, offer greatest 
specificity and high sensitivity; however, they require expensive 
instrumentation and technical expertise and they are rather labor 
intensive. Since the air as well as glassware in laboratories may 
contain traces of nicotine, the chromatographic methods require the 
utmost precautions to avoid contamination of samples. 

The RIA techniques are operationally simpler, less expensive 
and require smaller samples (detection limit 0.35 ng/sample; 17). 
More than 50 nicotine metabolites and structurally-related 
molecules have been tested as inhibitors of nicotine and cotinine 
antigen-antibody reactions; few of them interfere with the RIA 
(24) . Nevertheless, the potential for cross-reactivity with 
unknown endogenous components exists. • The fact that, upon 
analysis, thousands of samples obtained from nonsmokers in the US 
and UK have been found to be negative, indicates that diets and 
drugs commonly used in these two countries do not pose problems of 
interference. There is good correlation between results obtained 
by GC and RIA analysis for plasma cotinine concentrations (r=0.99? 
25) . A potential problem in RIA analysis can come from 
extrapolation to values below the linear range of the standard 
curve. Care must always be taken to insure proportionality of 
response. 
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An interlaboratory comparison of data from 11 laboratories in 
6 countries has demonstrated that GC and RIA techniques can 
reliably quantitate nicotine and cotinine in urine and plasma 
samples. A good correlation of laboratory methods was observed in 
plasma samples and in urine samples to which cotinine had been 
added as a tracer. However, in urine samples without tracer, 
several RIA values for cotinine were found to be slightly higher 
than those observed by GC. This could be due to a cross reaction 
of the antibody with another compound present in urine, or the 
discrepancy could arise from a loss of urinary cotinine during GC 
extraction. The former explanation is more likely to apply here 
although conventional GC extraction techniques have been reported 
to result in the loss of conjugated metabolites of nicotine. The 
quantitation of these conjugated compounds by GC methods has 
recently been reported by Curvall et al. (25a). In addition cross 
reactivity of various cotinine antibodies with Mans¬ 
i'hydroxycotinine has been reported to range from 2% (J.J. Langone, 
pers. comm.) to 30%; (25b)) All immunoassay methods have led, 
however, to perfect distinction between nonsmokers and active 
smokers (26). 

Table 2 presents data from model studies on the uptake of ETS 
by nonsmokers under acute exposure conditions (27-30). The main 
purpose of these assays was to develop the methodology for field 
studies and to compare the uptake of nicotine from environments 
with various degrees of pollution and different types of pollutants 
under controlled conditions.- It has been shown that the 
equilibrium of nicotine between vapor phase and particulate phase 
of ETS depends greatly on the concentration and pH of the emitted 
smokestream (31) and, thus, influences the uptake of nicotine by 
inhalation. 

After repeated exposure to ETS under controlled conditions, 
such as twice daily 80-minute exposure on 3 consecutive days to the 
diluted pollutants of 4 concurrently smoked cigarettes (32), the 
measurements in 4 nonsmokers have shown that except for nicotine 
in the saliva, the physiological fluids do not reflect maximal 
concentrations of nicotine and cotinine until at least 24 hours 
later. This observation has led to comparisons of the elimination 
of cotinine in smokers and nonsmokers exposed to ETS (33). The 
elimination half-life of cotinine from the urine of smokers 
took 21.9 hours and 32.7 hours for nonsmokers. In a second 
assay, five cigarette smokers were asked to abstain from tobacco 
use for 5 days and were then given nicotine gum for three days. 
After another 8 days of abstinence from nicotine, the volunteers 
were exposed to sidestream smoke (SS). At this point, the cotinine 
elimination (t 1 / 2 ) from urine (ng/ml) by smokers took 15.4 hours, 
by nicotine gum users 18.2 hours, by 8-day exsmokers 27.5 hours, 
and by the never-smokers 25.6 hours (33). These findings suggest 
that the residence times of nicotine, cotinine and other tobacco 
alkaloids, are likely related to the route of nicotine uptake as 
well as to possible differences in metabolism between smokers and 
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nonsmokers. The longer elimination time for cotinine in nonsmokers 
has been confirmed by other study groups (35-37), however, the 
observation has also been challenged (38,39). A longer residence 
time of nicotine metabolites in nonsmokers could conceivably 
increase the possibility of endogenous formation of carcinogenic 
N-nitrosamines (40). 

Most importantly, differences in the elimination times of 
cotinine from urine preclude a direct extrapolation to "cigarette 
equivalents of smoke uptake" by comparing the levels of cotinine 
excreted by active and passive smokers. This has been discussed 
by some investigators (10). 

Table 3 includes comparisons of nicotine and cotinine in 
physiological fluids of nonsmokers with or without ETS exposure, 
and of active cigarette smokers in England (41) . Data on the 
uptake of nicotine by involuntary smokers from additional studies 
are summarized in Table 4 (29,42-54). Most of these studies 
demonstrate that nicotine and cotinine levels in physiological 
fluids of involuntary smokers generally amount to 1 percent and 
teach maximally a few percent of the amounts determined in active 
cigarette smokers. Data by Matsukura et al. from Japan on the 
other hand, show exceptionally high levels of cotinine in the urine 
of passive smokers. This may be due to several factors including 
differences in the design of studies and measurement methods (26). 
Aside from differences in methodology one cannot rule out that 
differences in the uptake and metabolism of nicotine which have 
been observed in various population groups, and diet may be 
partially responsible for the exceptional data reported in the 
Japanese study (47) . A recent finding indicates that the urinary 
excretion rates of Japanese smokers were significantly different 
from those determined in adult cigarette smokers in Europe and 
North America (55). Additionally, a large epidemiological study 
in the U.S. has demonstrated significant differences in serum 
cotinine levels between Black and White smokers after adjustment 
for cigarettes smoked per day and daily nicotine availability 
(55a).These differences in nicotine metabolism require further 
thorough investigation. 

Survey data on exposure at home, in the workplace and on 
social occasions were collected from 319 employed subjects and were 
correlated with levels of cotinine in a random urine sample. Mean 
urine/cotinine/creatinine levels were higher for women than for men 
possibly due to differences in creatinine excretion between the 
sexes. It is also noteworthy that 94% of the women were employed 
indoors. Higher levels of urinary cotinine were noted in both men 
and women who lived with a smoker than in those subjects who did 
not report living with a smoker (13.3+2.4 vs 5.1+0.4 in men and 
13.9+1.9 vs. 5.6+0.6 in women). Differences in the prevalence of 
exposure at home existed between sexes (males 13.5% vs. females 
29.2%). Levels of cotinine found across different exposures 
indicate that home exposure has a more pronounced effect on urine 
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cotinine than does workplace exposure (Table 5; 55b). 

The nicotine uptake by infants due to ETS exposure, caused by 
smoking mothers or caretakers, appears to be higher than that 
observed in adult passive smokers. The amount of cotinine excreted 
in the urine of the infants was correlated with the number of 
cigarettes smoked by the mother, or caretaker or other persons, 
during the 24 hours preceding the measurement (33). The primary 
determinant of urinary cotinine levels has been found to be the 
smoking behavior of the mother. The finding of relatively high 
uptake of ETS, as determined by nicotine/cotinine concentrations 
in the urine of infants, is in line with the observation that 
infants of smokers have higher rates of respiratory infections than 
infants in nonsmokers 1 homes (56). 

Analytical data on nicotine and cotinine in physiological 
fluids of nonsmokers can be misleading in a few cases. These 
pertain to the very light smokers and those nonsmokers who either 
chew tobacco or use oral snuff. It is possible, though rare, that 
the very light smoker shows nicotine/cotinine levels approaching 
those of passive smokers with extremely high ETS exposure. When 
used in combination with cotinine measurements, COHb analyses can 
help to differentiate between the two groups. In regular consumers 
'of snuff or chewing tobacco, cotinine levels are comparable to 
those found in cigarette smokers while thiocyanate levels and COHb 
values remain low (57). 

The determination of nicotine and cotinine in hair has been 
tried in an attempt to differentiate between active and passive 
smokers. (58). This determination revealed higher nicotine 
concentrations in the hair of smokers than in the hair of ETS- 
exposed nonsmokers and documented the absence of cotinine, the 
major metabolite of nicotine, within the hairshaft of nonsmokers. 
Hair sampling for determining ETS-exposure of nonsmokers deserves 
more thorough investigation. 

In summary, in the hands of experienced biochemists, the 
determination of nicotine and, especially, of cotinine in saliva, 
serum and/or urine in involuntary smokers represents a reliable, 
specific method for assaying the level of uptake of ETS by 
nonsmokers. The choice of biological fluid for the quantitation 
of cotinine depends upon the question asked. For the evaluation 
of changes in smoking behavior, serum or urine are preferred while 
saliva is sufficient to determine whether or not a subject is a 
smoker (59). For studies of ETS exposure, it is often impractical 
to collect serum by venipuncture, and since nicotine concentration 
in saliva can be extremely high immediately following ETS exposure, 
several hours must pass before the concentration of cotinine in 
saliva is stabilized (30). Also, when large numbers of subjects 
are to be evaluated, it is preferable to avoid invasive procedures 
which might discourage participation and possibly bias the results. 
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Measurements of cotinine in urine and saliva have been 
successfully used to quantitate ETS exposure in large populations. 
Cotinine excretion in urine is independent of pH, while nicotine 
excretion is greatly influenced by it. At values above pH 6.0, 
resorption of nicotine from the urine occurs especially during 
longer residence time in the bladder. Cotinine is not subject to 
resorption and, as far as it has been investigated, 3'- 
hydroxycotinine, a second major nicotine metabolite, is also not 
affected (60). 

Quantitation of cotinine in random urine samples can have 
methodological problems relative to the volume of urine excreted 
in any given time period as well as dilution effects. The ideal 
standard for evaluation of cotinine excretion in urine would be 
the analysis of a 24-hour urine sample. Since this is impractical 
in epidemiological studies, random urine samples are usually 
collected at the time a questionnaire is administered. In this 
case, the ratio of cotinine to creatinine in a given sample is 
often used to allow for differences in urine dilution. Urinary 
creatinine excretion is usually constant from day to day for a 
given individual, but it does vary among individuals. As a 
reflection of muscle mass it is generally excreted at about 1 g 
per day (men, 1.1 to 3.2 g/day; women, 0.9 to 2.5 g/day). In older 
persons, the excretion of creatinine may decrease to 0.5 g/day. 
Low levels of creatinine may also be found in dehydrated infants; 
this necessitates caution in the expression of ng cotinine/mg 
creatinine in a random sample (35). However, a recent study with 
pre-school children has shown that cotinine/creatinine ratios in 
passively exposed children 'track' over several weeks and reflect 
questionnaire data on exposure (61). Epidemiological studies in 
adults have also shown good correlations between self-reported 
indices of exposure and cotinine/creatinine ratios when data for 
men and women are analyzed separately.(55b) 

2. Carbon Monoxide . Carbon monoxide (CO) is formed during 
the combustion of organic matter including the burning of a tobacco 
product. It is also produced in vivo during metabolic processes. 
Endogenous CO results primarily from the breakdown of heme- 
containing proteins such as hemoglobin. In nonsmokers who are not 
exposed to industrial pyrolysis products or vehicle emissions, the 
baseline levels of CO, present in the bloodstream as 
carboxyhemoglobin (COHb), are generally below 1.5% of the total 
hemoglobin. 

Persons exposed to heavy vehicle emissions can have COHb 
levels up to about 2.5%. In cigarette smokers, COHb levels were 
found to average 5.7% in a study of 450 smokers (62) with little 
difference being noted between smokers of high- or low-yield 
products. This value is similar to that of 4.7% found in middle 
aged men in a study by Wald et al. (63). 

Carboxyhemoglobin levels are not good indicators of ETS 
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uptake, due to the fact that CO exposure is not limited to tobacco 
smoke; in addition, the measurement of COHb is relatively 
insensitive. A study in England did not find significant 
differences in COHb levels in subjects reporting no exposure, some 
exposure, or a lot of exposure (64) . This was confirmed by others 
(65) and also by a controlled chamber assay (61). One study in 
which significant elevations of COHb were found used controlled 
exposure to tobacco smoke at a level of 25 ppm CO for 8 hours. 
This intense exposure resulted in an average increase of COHb 
levels by 2.5% (85). However, such results are not applicable to 
free-living situations in field studies (67). 

3. Thiocyanate . Hydrogen cyanide, absorbed from tobacco smoke 
is detoxified in the liver to thiocyanate (SCN-). Measurement of 
SCN- has been used to differentiate smokers from nonsmokers or, as 
mentioned earlier, in combination with nicotine-cotinine assays to 
distinguish smokers from chewers of tobacco. Thiocyanate can also 
be derived from the diet, cruciferous vegetables being an excellent 
source (68). The specificity of SCN as a marker of tobacco smoke 
inhalation is poor and it is generally difficult to distinguish 
1-ight smokers from nonsmokers. This lack of specificity makes SCN- 
unsuitable for the evaluation of ETS uptake by nonsmoking subjects. 

4. Hydroxyproline . ‘Japanese investigators have studied the 
excretion of hydroxyproline in persons exposed to ETS as well as 
in active smokers and in persons exposed to high levels of air 
pollutants (69). The rationale for these studies is that the 
inhalation of nitrogen dioxide causes degradation of lung collagen 
and elastin which results in urinary excretion of hydroxyproline. 
The investigations of the Japanese group suggested an elevated 
excretion of hydroxyproline by children of smoking parents as well 
as by wives of smoking husbands, active smokers, and individuals 
exposed to vehicle emissions. Since NOx levels in ETS are 
relatively low by comparison to mainstream smoke or vehicle 
emissions (56,70,71), such increased elimination of hydroxyproline 
in passively exposed persons seemed surprising. In fact, another 
group of investigators has been unable to confirm this finding 
(72) . 


5. N-Nitroso-Amino Acids . The occurrence of endogenous 
nitrosation reactions in cigarette smokers has been demonstrated 
in several studies. This phenomenon entails the risk of endogenous 
formation of carcinogenic N-nitrosamines. Endogenous formation of 
N-nitrosamines has been proven by urinary excretion of the 
noncarcinogenic N-nitrosoproline (NPRO), N-nitrosothioproline 
(NTPRO), and N-nitrosomethylthioproline (NMTPRO). Whereas the 
average excretion of NPRO in nonsmokers amounted to 2.0+1.5 ug/24 
hrs, cigarette smokers excreted an average of 7.0+4.0 ug/24 hrs 
(73-77). In the case of NTPRO, the average urinary excretion by 
nonsmokers (ug/24 hrs) was 5.9, that by cigarette smokers 8.7 and 
that of NMTPRO was 5.6 and 8.5, respectively (75). Only two 
studies have explored the possibility that endogenous formation' of 
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N-nitrosamino acids may also be increased in involuntary smokers 
(77,78) . 

The data for NPRO in the urine of a limited number of 
involuntary smokers were not different from NPRO data for 
nonsmokers without ETS-exposure. A carefully designed study with 
a larger number of passive smokers may prove that the average value 
for NPRO or, more likely, for NTPRO is higher in ETS- exposed 
nonsmokers than in those without ETS-exposure. Controlled long-term 
exposures at high levels of ETS have not measured NPRO or NTRO and 
such studies might show a value for NPRO or, more likely, for NTPRO 
that is higher in ETS-exposed nonsmokers than in those without ETS 
exposure. However, it is unlikely that the determination of N- 
nitrosamino acids in urine would ever lead to an assay for personal 
dosimetry of ETS-exposure in free-living subjects. 

6. Aromatic Amines . The sidestream smoke of cigarettes 
contains significantly larger quantities of aromatic amines than 
the mainstream smoke. For example, the MS of a nonfilter cigarette 
contains 0.36 ug aniline and 0.16 ug of 2-toluidine, whereas the 
SS of the same cigarette releases 10.8 ug of aniline and 4.1+3.2 
ug of 2-toluidine (79). The urine of cigarette smokers contains 
somewhat higher amounts of aromatic amines than the urine of 
nonsmokers. The 24-hour urine void of cigarette smokers contains 
3.1+2.6 ug aniline and 6.3+3.7 ug 2-toluidine, while the urine of 
nonsmokers contains 2.8+2.5 ug aniline and 4.1+3.2 ug 2-toluidine 
(80). The levels of metabolites of these aromatic amines are 
expected to be markedly higher in the urine of smokers than of 
nonsmokers. Confirmation of the significance of this difference 
would encourage the development of analytical dosimetry for 
evaluation of the impact c ' ETS-exposure on urinary excretion of 
the metabolites of aromatic amines. 

7. Thioeth ers in Urine . Cigarette smokers excrete higher 
amounts of thioethers than do nonsmokers (81). A study of 26 
cigarette smokers showed mean urinary thioether values of 4.3+0.4 
mmol/mol creatinine compared to an equivalent mean value for 10 
nonsmokers of 2.8+0.2 mmol/mol creatinine (82). 

In another study nonsmokers were placed on a controlled diet 
and were subjected to 8-hr ETS-exposure at two levels of 
concentration. Prior to ETS exposure • 10 nonsmokers excreted 
40.0+15.4 umol thioethers/24 hrs. The levels rose to 53.9+22.8 
umol after exposure to ETS dose 1 (10 ppm CO). At a higher dose 
level (20-22 ppm CO), pre-exposure values were 69.3+36.3 and post¬ 
exposure levels 90.7+44.8. The 10 cigarette smokers who smoked 20 
cigarettes each during 8 hrs in order to provide the ETS pollution 
in the chamber showed an increase of thioether excretion from 
89.1+24.8 to 136.1+38.9 umol/24 hrs (67). In other words, the 
urinary thioether excretion of the passive smokers in this study 
increased up to 45% and, in the case of the active smokers with the 
same ETS exposure it increased about 50- 65%. These findings 
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require confirmation but they appear to indicate that the thioether 
analysis of the urine will most likely not be suitable for the 
determination of the ETS uptake by involuntary smokers due to 
varying background levels across subjects. 

B. Senotoxicitv of Phys iological Fluids 

Several studies have explored the possibility that 
physiological fluids of cigarette smokers contain significantly 
higher amounts of genotoxic agents than those of nonsmokers (SI). 
The most extensive data base in this field has shown significantly 
higher mutagenicity in the Salmonella thvphimurium assay of urine 
of cigarette smokers compared to those of nonsmokers. Since the 
original study by Yamasaki and Ames in 1977 (83) at least 20 
investigations have shown that the urine of cigarette smokers is 
significantly more mutagenic than the urine of nonsmokers who are 
not exposed to genotoxic agents in occupational environments. But 
it has also been shown that the mutagenicity of the urine of 
smokers can be effected by diet (84) . It has further been surmised 
that exposure of nonsmokers to ETS may lead to increased urinary 
excretion of mutagens. Of the 6 published studies in which the 
urine of passive smokers was tested for mutagenicity with the Ames 
test, 3 showed increased activity and 3 showed no increase or, at 
the most an insignificant increase in mutagenic activity (81,85- 
87 ) . 


C. Adduct Formation of Carcino gens in Passive Smokers . 

Measurements in physiological fluids of nicotine and its 
major metabolite, cotinine, have been shown to be objective 
indicators of the uptake of ETS. However, these assays will not 
reflect an individual's response to specific ETS carcinogens. That 
information is best obtained by assessing levels of macromolecular 
adducts with carcinogens or their metabolites. Development of such 
assays is based on examining the mechanisms of metabolic activation 
ana detoxification of tobacco smoke carcinogens. 

1* Benzofalpyrene. In the case of active smokers, adducts 
least 4 types of tobacco carcinogens or procarcinogens have 
been studied. These adducts are formed by reaction of specific 
metabolites of tobacco smoke constituents with DNA and/or 
hemoglobin. Benzo(a)pyrene (BaP), a carcinogenic representative 
of the polynuclear aromatic hydrocarbons in tobacco smoke is known 
to be metabolized to bay region diol epoxides (e.g. 7,8- 

dihydroxy-9,10-epoxy-7,8,9,10-tetrahydroBaP). Such diol epoxides 
can bind to DNA in human tissues and lymphocytes. Antibodies 
developed against the major BPDE-DNA adduct have been used to 
assess its presence in surgical specimens of lung tissue, in human 
placenta, and in peripheral blood lymphocytes (89-91). Evidence 
for the presence of such adducts in samples from smokers has been 
ascertained but significant differences between smokers and 
nonsmokers have not been observed. 
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2. Aromatic Amines . 4-Aminobiphenyl and 2-naphthylamine are 
the known tobacco smoke constituents which are most likely to 
contribute to the increased risk of bladder cancer of cigarette 
smokers. The mechanisms by which these compounds are metabolically 
activated and produce DNA adducts in the bladder epithelium have 
been extensively studied (92). These studies have shown that the 
corresponding hydroxylamines are key intermediates in DNA and 
protein modification. The hydroxylamines also react with 
hemoglobin, in the case of 4-aminobiphenyl, a sulfinic acid amide 
of the beta-cysteine (93-95). This adduct readily releases 4- 
aminobiphenyl upon treatment with dilute acid. A method was 
developed to analyze the released 4-aminobiphenyl by gas 
chromatography with detection by negative ion chemical ionization 
mass spectrometry (95). Application of this method to smokers 
showed that adduct levels were higher than in nonsmokers, and 
decreased upon smoking cessation. The method may be further 
refined for assessing the uptake of carcinogenic aromatic amines 
from ETS by nonsmokers. 

3. . Ethylene . This volatile unsaturated hydrocarbon is 
present in both mainstream smoke (200-400 ug/cigarette) and 
sidestream smoke of cigarettes (96) . Cigarette smoke contains also 
traces, of the carcinogenic ethylene oxide (7.0 ug/cigarette; 
97,98). Upon absorption, ethylene is metabolized to the reactive 
ethylene oxide. The latter binds to cellular macromolecules and 
to hemoglobin. The alkylated valine is cleaved off of the isolated 
hemoglobin and the derivatized hydroxyethylvaline is analyzed by 
GC-MS. Cigarette smokers showed significantly higher 
hydroxyethy 1 valine levels (389+138 pg/g hemoglobin) than nonsmokers 
(58±25 pg/g? 99). So far the method has not been applied to 
estimates of exposure of involuntary smokers to the procarcinogen 
ethylene. 


4. Tobacco-Specific N-Nitrosamines . During tobacco 
processing and during smoking tobacco alkaloids give rise to 
tobacco-specific N-nitrosamines (TSNA). The nicotine-derived N- 
nitrosamines N'-nitrosonomicotine (NNN) and4-(methylnitrosamino)- 
l-(3-pyridyl)-1-butanone (NNK) are powerful carcinogens. They 
occur in relatively high concentrations in cigarette mainstream 
smoke (NNN, 0.12-3.7 ug/cigarette; NNK, 0.08-0.77 ug/cigarette) and 
sidestream smoke (NNN, 0.15-1.7 ug/cigarette? NNK, 0.2-1.4 
ug/cigarette? 40). These agents are metabolically activated by 
alpha-hydroxylation, leading to a highly reactive intermediate 
which forms DNA adducts and protein adducts (Fig. I). Metabolic 
activation of NNN and NNK also leads to the formation of hemoglobin 
adducts. Acid or base hydrolysis of these releases a keto alcohol 
(compound 5? Fig. I; 100). A highly sensitive GC-MS method has 
been developed to facilitate the detection of a derivative of 
compound 5. Refinement towards further increased sensitivity of 
the method should lead to a dosimetry assay allowing determination 
of the uptake of the carcinogenic TSNA by passive smokers. 
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FUTURE NEEDS 

The absorption of tobacco-specific smoke constituents from 
ETS has been demonstrated through analyses of nicotine and its 
major metabolite, cotinine in the body fluids of exposed 
nonsmokers. Less tobacco-specific markers have also been measured 
in exposed populations? however, the results were ambiguous in 
regard to the quantitative uptake of ETS. There is a need to 
provide information about the uptake and disposition of 
carcinogenic constituents by individuals exposed to ETS in acute 
and chronic situations. Analyses to be fully developed and applied 
to passive smokers will include measurements of adducts of 
genotoxic smoke constituents covalently bound to DNA or hemoglobin. 
These techniques have been developed for benzo(a)pyrene, 4- 
aminobiphenyl, ethylene, and tobacco-specific N- nitrosamines. It 
is not known whether or not all of these methods can be made 
sufficiently sensitive to monitor the uptake of tobacco-specific 
components from ETS. 

Nicotine in ETS is predominantly present in the vapor phase 
of the smoke rather than bound to the aerosol particles. In order 
to measure the uptake of carcinogens and toxins residing in the 
particulate phase of ETS-, deposition studies must be developed with 
specific markers. Particulate phase constituents which could be 
quantitated include tobacco-specific N- nitrosamines, polyphenols, 
such as the immunoactive compound rutin, or the tobacco-specific 
solanesol.(101) However, the levels of these compounds are 
expected to be low so that development of suitable methodology 
calls for highly sensitive detection methods. 

SUMMARY 

1. The absorbtion of tobacco-specific smoke constituents from ETS 
has been demonstrated through analyses of nicotine and its major 
metabolite, cotinine in the body fluids of exposed nonsmokers. 

2. The determination of nicotine or cotinine, in the saliva, 
serum, or urine of involuntary smokers represents a reliable, 
specific method for assaying the level of uptake of ETS by 
nonsmokers. 

3. Although cotinine levels in physiological fluids of involuntary 
smokers generally are of the order of few percent of those of 
active smokers, differences in the elimination- times of these 
compounds in active and involuntary smokers preclude a direct 
extrapolation to "cigarette equivalents of smoke uptake." 

4. There is a further need to quantitate uptake and fate of 
carcinogenic constitutents of ETS-exposed nonsmokers, particularly 
the measurements of adducts of genotoxic smoke components attached 
to DNA or hemoglobin. 
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Figure I. Metabolic activation of 4-(methylnitrosamino)-1-(3- 
pyridyl)-1-butanone (NNK) and N'-nitrosonornicotine 
(NUN) to intermediates which bind to DNA and 
protein. 
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Table 4 continued ... 


i 


Number of 

Nonsmoker Group Nonsmokers 


Results 


Reference 


Children and adults 


a) <5 years old 

b) "5-12 years old 

c) 3-17 years old 

d) 18-29 years old 

e) 30-64 years old 

f) >65 years old 


529 males 
768 females 


Cotinine/Saliva (ng/ml) 
srodfrers in family 


none 

0.0 

(0.0-2.5) 

one 

3.8 

(0.0-6.1) 

— fc wo 

5.4 (3.2-7.7) 

0.0 

(0.0-2.1) 

2.0 

(0.0-3.8) 

5.2 

(1.5-7.0) 

0.0 

(0.0-2.0) 

2.9 

(0.0-4.9) 

4.1 

(2.7-7.6) 

0.0 

(0.0-2.6) 

0.0 

(0.0-5.8) 

0.0 

(0.0-4.4) 

0.0 

(0.0-2.7) 

1.9 

(0.0-4.5) 

4.4 

(1.8-11.0) 

0.0 

(0.0-2.6) 

3.6 

(0.0-6.5) 

0.0 



Coultas 
et al. 


(53) 


•Numbers in parenthesis median values. 
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Table 4 continued 


Nonsmoker Group 

Number of 
Nonsmokers 

Results 

Reference 

Municipal workers 


Cotiine/Urine (ng/mg creatinine) 

Sepkovie 

I. ETS exposure in the 



et al ., 
T52T 

workplace 

a) no exposure 

25 

4.5*0.6 


b) light expsoure 

126 

6.6*0.6 


c) moderate exposure 

84 

7.2*0.8 


d) heavy exposure 

32 

8.4*1.3 


11. ETS exposure in the 
home 

a) no exposure 

77 

6.1*0.8 


b) light exposure 

83 

6.7*0.6 


c) moderate exposure 

71 

7.8*1.1 


d) heavy exposure 

34 

7.6*1.3 


School girls (11-16 yrs) 



Jarvis et 

ETS exposure in the home 
a) neither parent smokes 

104 

1.1*0.5 

al., (53T 

b) father smokes only 

76 

2.0*0.6 


c) mother smokes only 

40 

3.2*0.8 


d) both parents smoke 

1 10 

5.0*1.0 
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Table 4 continued 



Number of 

— . 

- - - " 



— 

-- “ 

Nonsmoker Group 

Nonsmokers 


Results 




Reference 



Cotinine/Urine (ng/mg creatinine) 


Neonates and infants 


No. 

« * 

No. 



Schwart 2 - 



exp'd 

I 

exp* 

d 

II 

Bicken- 

a) Mother smokes. 





— 

■ — 

bach et. 

breastfeeds 

20 

12 

(1756) 0 -3520 

8 

(935) 

488-2440 

al. , T51) 

b) Mother smokes. 








feeds bottle 

16 

4 

(47) 0 - 160 

12 

(107) 

0- 341 


c) Father smokes 

d) No exposure in 

18 

10 

(0) 

8 

(0) 

0- 308 


the home 

15 

9 

(0) 

6 

(0) 
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Table 4 continued 


Nonsmoker Group 


Number of 

Nonsmokers Results 


Reference 


Neonates and infants 

a) No exposure 
(4-8 days old) 

b) Exposure via 
breast feeding 
(3-8 days old) 

c) Passive smoking 
(2.5-6 months old) 

d) Exposure via 
breast feeding and 
passive smoking 
(1-12 months old) 



Nicotine 

(ng/mg creatinine) 

Cotinine 

Luck and 

10 

(0) 

0 

- f 4 ------ (o) 

0- 56 

Nau, (49) 

19 

(14) 

5 

-110 (100) 

10-555 


10 

(35) 

4.7 

-218 (327) 

117-780 


9 

(12) 

3.0 

- 42 (550) 

225-870 



Infants (age 3-15 months) 

exposure in the 

home 

Black infants 
al no exposure 
b) passive smoking 

White infants 
al no exposure 
b) passive smoking 


Cotinine/ Serum (ng/ml) 


9 1.0 (1.87*2.38) 

15 4.0 (5.27*3.50) 


9 0.0 (0.22*0.44) 

5 0.4 (0.90*1.30) 


Pattishall 
et al., 
(50T~ 

Pattishall et al ., 1985 
(51) 


SCf>96frCZOZ 


Source: https://www.industrydocuments.ucsf.edu/docs/fzvlOOOO 


Draft - Do not cite or quote 





1 


Table 4 continued ... 


Nonsmoker Group 

Number of 
Nonsmokers 

Results 

Reference 

Husbands of 



Cotinine/Urine (nq/ml) 

Wald and 

a) nonsmokers 

101 


8.5± 1.3 

Ritchie, 

b) smokers 

20 


25.2*14.8 

(46) 

Nonsmokers 



Cotinine/Urine (ng/mg creatinine) 

Matsukura 

a) nonsmokers at home 

200 


0.5 ±0.09 

et al., 

b) smokers at home 

272 


0.79*0.1 

(47) 

Cigarettes smoked 





day in home of nonsmokers 

* 

0 


Cotinine/Urine (ug/mg) creatinine) 


1- 9 

25 


0.31*0.08 


10-19 

57 


0.42*0.1 


20-29 

99 


0.87*0.19 


30-39 

38 


1.03*0.25 


> 40 

28 


1.56*0.57 


unknown 

25 


0.56*0.16 


Infants (£10 months, 


Nicotine/Urine Cotinine/Urine 

Greenberg 

not breastfed) 


(ng/mg 

creatinine) (o<j/mq) 

et al.; 

a) not exposed to ETS 

18 

0 

(0-59) 4 (0-125) 

TJ3T - 

b) exposed to ETS 

28 

53 

(0-370) 351 (41-1,885) 



School children (11-16 yrs) 
a) Neither parent smoked 

269 

Cotinine/Saliva (ng/ml) 

0.44*0.68 

Jarvis et 

b) Only father smoked 

96 

1.31*1.21 

al., (48T 

c) Only mother smoked 

76 

1.95*1.71 

_ 

d) Both parents smoked 

128 

3.38*2.45 
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Table 4 




l • 


Uptake of nicotine by nonsmokers exposed to BTS under daily life conditions 


Nonsmoker Group 

Number of 
Nonsmokers 


Results 


Reference 

Hospital personnel 

(78 min in smoke- 
filled room) 

14 

13 


Nicotine/Urine (ng/ml) 
-T2T4M6T9- '■ 

8.9*9.1 


Russell and 

Peyerabend 

(29) 

Hospital personnel 
and outpatients 



Nicotine/Saliva (ng/ml) 



a) no exposure to BTS 

b) exposed to BTS 

26 

30 


5.9 7.5 

10.1 21.6 


Peyerabend 
et al. (42) 

Plight attendants 

6 


Nicotine/Serum (ng/ml) 
pre flights 1.6±0.8 
post flight: 3.2*1.0 


Poliart et al. 
(43) 

Office workers 

a) lit 30 a.m. sample 

b) 7:45 p.m. sample 
after 2 hr stay 
in pub 

7 

Content/ml Nicotine (ng) Cotinine (nq) 

liriva — SJTT^ 'B) 137^5 iiTTTSffbVATiU 

serum 0.76 2.49 1.07 7.33 

urine 10.57 92.63 4.80 12.94 

Jarvis et al. 
(44) 

Hospital staff and 
outpations 

a) no exposure to BTS 

b) exposed to BTS 

22 

190 


Cotinine/Urine (ng/ml) 

2.0 (0.0 - 9.3 

6.0 (1.4 -22.0) 


Wald et al. 

(45) 


Continued ... 

tmOfrCgOj: 


Source: https://www.industrydocuments.ucsf.edu/docs/fzvlOOOO 


Draft - Do not cite or quote 








•f 


Table 3. 

Approximate Relations of Nicotine as a Parameter Between Nonsmokers, 



Passive Smokers 

, and Active 

Smokers a (41) 



Nonsmokers without 

Nonsmokers with 



ETS Exposure 

ETS Exposure 

Active Smokers 


No. = 46 


No. =54 

No. =94 


t of 

Active 

% of Active 

— 

Nicotine/Cotinine 

Mean 

Smokers' 

Mean Smokers' 

Mean Value 


Value 

Value 

Value Value 


Nicotine (ng/ml) 





in plasma 

1.0 

7 

0.8 5.5 

14.8 

in saliva 

3.8 

0.6 

5.5 0.8 

673 

in urihe 

3.9 

0.2 

12.1* 0.7 

1,750 

Cotinine (ng/ml) 





in plasma 

0.8 

0.3 

2.0* 0.7 

275 

in saliva 

0.7 

0.2 

2.5** 0.8 

310 

in urine 

1.6 

0.1 

7.7** 0.6 

1,390 

differences between 
*p<0.01; ** pCO.001. 

nonsmokers exposed to 

ETS compared 

with nonsmokers without 

exposure: 
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Table 2 continued. 


No. of 

ETS-Conditions Passive 

Smokers 


Results 


Investigators 

Room - 16 m^ 6 

Time during exposure 

Nicotine 

Cotinine 

Hoffmann et al., 1984 




(ng/ml) 

(ng/ml) 

(30) 

4 cigarettes con- 

0 

Saliva 

3 

1.0 


currently and con- 


Plasma 

0.2 

0.9 


tinuously smoked Cor 


Urine 

17 

14 


80 min; 6 air exch./hr. 






(200 g nicotine/m^; 

80 min. 

Saliva 

730 

1.4 


20 ppm CO) 


Plasma 

0.5 

1.3 




Urine 

84 

28 



Time following exposu 

re 




30 min* 

Saliva 

148 

1.7 




Plasma 

0.4 

1.8 



150 ■ 

Saliva 

17 

3.1 




Plasma 

0.7 

2.9 


• 


Urine 

100 

45 



300 " 

Saliva 

7 

3.5 




Plasma 

0.6 

3.2 




Urine 

48 

55 



•Nicotine and cotinine were measured in urine as ng/mg creatinine. 
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Table 2. 

Uptake of nicotine by nonsmokers exposed to BTS under controlled conditions 


ETS-Conditions 


No. of 
Passive 
Smokers 


Room - 170 m3 (H smokers) 

'( a I 100 c igarettes were 7 

smoked during 2 hrs> 
no ventilation 
(30 ppm CO) 

(b) same conditions as above 7 
(a) but with ventilation 
(5 ppm CO) 


Room - 66 m3 (4 cigarette sr 

(a) Day 1, nonsmoking 

M 2, 98 cig's smoked 

" 3 , 121 

“ 4, 98 

M 5, 88 

(b) Day 1, 97 

M 2, 96 

" 3, 94 " 

B 4, 103 


M 

it 


Room - 43 m 3 

9 smokers consumed 12 

80 cigarettes + 2 cigars 
no ventilation 
(38 ppm CO) 


Results Investigator(s) 

- - i -—-—- 

•Urinary excretion _ 

Nicotine: 10*6.8 pg/6 hrs. 

Cotinine: 35*34.5 pq/6 hrs. 


Nicotine: 18*7 pg/6 hrs. 

Continine: 19*9.4 pg/6 hrs. 


Nicotine/Urine (pg/24 hrs) Cano et al. (28) 

0 - 0 
35 - 44 

50 - 61 

62.5 - 70 

47 - 50 

23 - 34 

22.5 - 58 

47.5 - 69 

32 - 65 

Nicotine/Plasma (|iq/ml) Russell and 

Before exposure: 0.73±1.6 Feyerabend 

After 78 min. exposure: 0.9* 0.29 (29) 

Nicotine/Urine (ng/ml) 

T5 min. after exposure: 80.0*58.7 
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Table 1. 

Toxic and tumorigenic agents in MS and SS 


_ Cigarette 

Smoke Smoke 


Constituent 

stream 3 

A (NF) 

B (F) 

C (F) 

D (PF) 

Tar 

MS 

20.1 

15.6 

6.8 

0.9 

(mg) 

SS 

22.6 

24.4 

20.0 

14.1 

Nicotine 

MS 

2.04 

1.50 

0.81 

0.15 

(mg) 

SS 

4.62 

4.14 

3.54 

3.1:6 

CO 

MS 

13.2 

13.7 

9.5 

1.8 

(mg) 

SS 

28.3 

36.6 

33.2 

26.8 

Catechol 

MS 

41.9 

71.2 

26.9 

9.1 

(wg) 

SS 

58.2 

89.9 

69.5 

117 

BaP 

MS 

26.2 

17.8 

12.2 

2.2 

(ng) 

SS 

67.0 

45.7 

51.7 

44.8 

Ammonia 

MS 

76.0 

19.4 

34.0 

40.4 

(ug) 

SS 

524 

893 

213 

236 

NDMA 

MS 

31.1 

4.3 

12.1 

4.1 

(ng) 

SS 

735 

597 

611 

685 

NPYR 

MS 

64.5 

10.2 

32.7 

13.2 

(mg) 

SS 

117 

139 

233 

234 

NNN 

MS 

1007 

488 

273 

66.3 

(ng) 

SS 

857 

307 

185 

338 

NNK 

MS 

425 

180 

56.2 

17.3 

(ng) 

SS 

1444 

752 

430 

386 


a Abbreviations: NF, nonfilter cigarette; F, filter ciga¬ 
rette; PF, cigarette with perforated filter tip; BaP, benzo- 
(a)pyrene; NDMA, N-nitrosodimethylair.ine; NPYR, N-nitrosopyr- 
rolidine; NNN, N'-nitrosonornicotine; NNK, 4-(methylnitros- 
amino)-1 -(3-pyridyl)-1-butanone. 
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